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FOREWORD

This report was prepared at Southwest Research Institute under
USAF Contract AF 33(616)-7223. The contract was initiated under Project
No. 3044, "Aerospace Lubricants,' Task No. 304401, "Turbojet Engine
Lubricants, " and Task No. 334402, '"Missile and Space Vehicle Propulsion
Lubricants. " The work was administered by the Nonmetallic Materials
Laboratory, Directorate of Materials and Processes, Aeronautical Systems
Division, Air Force Systems Command, Wright-Patterson Air Force Base,
Ohio. The project engineer was Mr. G. A. Beane.

This report covers work performed by ten cooperating laboratories
in the period of November, 1960 through December, 1962.
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ABSTRACT

The results from LOX-Lubricant Impact Sensitivity Cooperative
Program No. 3 are presented. Impact sensitivity threshold values of
three test samples were evaluated by ten laboratories. Seven laboratories
reported results using the ABMA type impact tester and three laboratories
reported results using the RMD impact tester. Even though rather large
variations in specific threshold values were reported by laboratorieg using
the ABMA type impact tester, there was general agreement between labor-
atories with respect to the relative sensitivity of the three test samples
evaluated. General agreement of relative sample sensitivity was also
obtained by laboratories using the RMD impact tester; however, the order
of sample sensitivity was different from that obtained with the ABMA type
impact tester.

Although the LOX-Lubricant Impact Sensitivity Cooperative Pro-
gram No. 3 showed definite improvements in test reproducibility from the
previous cooperative test programs, further improvement in test repro-
ducibility still appears desirable.
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I. INTRODUCTION

This report presents the results obtained by ten cooperating labor-
atories from the LOX-Lubricant Impact Sensitivity Cooperative Test Program
No. 3. The program was initiated by ASD in an effort to establish the repro-
ducibility of impact sensitivity threshold value determinations using the
ABMA type impact tester and to determine the degree of correlation of
results obtained using the RMD impact tester with those obtained using the
ABMA type impact tester,

Two impact test cooperative programs( 1, 3)* were conducted prior
to the present program. In the first cooperative program, completed in
1958, no attempt was made to standardize the equipment used by the nine
participating laboratories and '""Most of the testers differed with respect to
sample cups (foil, welded, stamped), striker pin area(0.033to 1.77 sq in.)
or plummet weights (1.1 to 70 lbs)"( 1), The results obtained from Cooper-
ative Program No. | indicated very poor agreement of data from the various
testers. The major conclusion from the program was that there was a need
for standardization of equipment and test method. The second cooperative
program, conducted in 1960, incorporated a number of significant improve-
ments in the test procedure and equipment(z). The data obtained from this
program indicated an improvement in the correlation of results from the
different laboratories(3). However, it was agreed at a meeting of the
cooperating laboratories that while an improvement in correlation of results
was obtained, the degree of correlation was not as good as desired. Thus
a third cooperative program, with more stringent test procedure and equip-
ment requirements, was initiated.

II. PARTICIPATING LABORATORIES

The laboratories that participated in the Cooperative Test Program
No. 3 and the testers used by the participants were as follows:

*

Laboratory™ Tester Type

Air Force Flight Test Center ABMA
General Dynamics/Astronautics "
Marshall Space Flight Center "
Monsanto Research Corp. "
North American Aviation, Rocketdyne Division "
Pratt & Whitney Aircraft, FRDC "
Southwest Research Institute "
Douglas Aircraft RMD
Minnesota Mining & Manufacturing Co. "
Thiokol Chemical Corp., Reaction Motors Division "

* Superscript numbers in parenthesis refer to List of References.

** With the exception of Southwest Research Institute (SwRI), each
participation laboratory is hereinafter designated by a leter code.
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It was originally planned that SwRI would also conduct cooperative
tests using an RMD tester supplied by the manufacturer. However, repeated
attempts by SwRI and the manufacturer to calibrate the tester installed at
SwRI within the accuracy limits reported for the tester were unsuccessful.
Consequently, SwRI did not conduct further tests with the RMD tester. A
detailed report of the calibration attempts on the RMD tester at SwRI is
presented in Appendix IV,

III. TEST SAMPLES

The following three fluid samples were selected for use in Cooper-
ative Test Program No. 3:

Sample Code Identification
11 A Dow Corning QF-6-7012
III B D.C. 510, 500 cs
II1 C Aroclor 1254

Sufficient quantities, from single batches, of each of the fluid
samples were obtained and distributed to the cooperating laboratories as
directed by ASD.

IV. TEST EQUIPMENT

A, ABMA Type Impact Tester

The ABMA type impact tester consists of a 20-1b plummet assembly
which is guided in 1ts vertical travel by three guide raiis. Friction between
the plummet assembly and the guide rails is minimized by the use of six
small rollers, three each attached to both the upper and lower spider plates
of the plummet assembly. The plummet assembly may be held at any
desired vertical height, between 0 and 50 in., by means of an electromag-
net, which is clamped to a fourth rail and whose position on the fourth
rail is adjustable. The plummet may be released by de-energizing the
magnet, whereupon it is allowed to drop upon a striker pin previously
placed in position in a specimen cup containing the test sample and the
oxidizer. A detailed description of the ABMA type impact tester is pre-
sented in the USAF Specification Bulletin 527 which is included in
this report as Appendix I.

The anvil region assembly described in USAF Specification Bulletin
527 was supplied tn six of the seven laboratories by SwRI at cost. The ‘
seventh laboratory reported that the assembly would be made in their
machine shop using the drawings supplied by SwRi. Therefore, it is



assumed that all laboratories reporting results from the ABMA type
impact tester used the standard tester described.

B. RMD Impact Tester

The operating principle of the RMD impact tester is identical to
that of the ABMA type tester The RMD tester consists of a 2000-gm
(approximately 4 41 Ib) plummet assembly which is guided in its vertical
travel by three ground rods Friction between the plummet and the guide
rods 18 minimized by two low friction rings on the plummet bearing surface.
The plummet assembly may be held at any desired vertical height, between
0 and 48 in , by means of a spring-loaded latch attached to a plummet
release platform, which 1s clamped to one of the three guide rods and
whose position on the rod 1s adjustable for height. The plummet may be
released by energizing a solenoid coil which withdraws the spring-loaded
latch thus permitting the plummet to drop upon the vented plug, cap, and
die cup assembly containing the test sample and oxidizer.

A detailed description of the RMD tester is presented in Appendix
111, a reproduction of the "Impact Tester Operating Instructions' furnished
by the manufacturer with the tester.

C Comparison of Impact Testers

The principal differences in the two impact testers may be readily
compared 1n the follecwing tabulation:

Impact Tester

Item ABMA RMD
Plummet weight, lb 20 1. 41
Striker pin diameter, 1n 0.50 0.201
Striker pin areas, sq in 0.196 0.032
Specimen cup cap not required scalloped Al (0 012 in. thick)
Specimen cup diameter, 1n 1.0 0. 355
Sample size rcquired, ml 0 50 to 0. 60 0.008 to 0. 009
D. Striker Pins and Specimen Cups

1. ABMA Type lmpact Tester

The striker pins and specimen cups used in this program with
all the ABMA type impact testers were standard items (see Appendix I) from
one batch of pins and cups received from the suppliers by SwRI. The striker
pins were individually inspected for dimensions and surface finish at SwRI.
The surface finish, measured with a Brush Surfindicator, varied between
60 to 70 microinches RMS for all the striker pins used in this program. Ran-
dom inspection (1 in 10 cups) was made at SwRI on the specimen cups sup-
plied to the cooperating laboratories.



It is of interest to note that Laboratory C commented that ''the
specimen cups provided for this program were found to have an abnormal
amount of a black film contaminant on the inner surfaces which necessitated
additional cleaning cycles for complete removal of contaminant,' compared
to other batches of specimen cups from the same manufacturer. Upon
checking with the manufacturer, it was found that the black film contaminant
was a die lubricant used in the manufacturing process. According to the
manufacturer, some of the earlier batches of specimen cups had been rinsed
at the factory with a solvent to remove this film; however, the particular
batch supplied for the cooperative program did not receive the solvent rinse
at the factory.

The lubricant film contaminant (black film) on the specimen
cups was also noted by SwRI; however, it did not appear abnormal since
SwRI has never received specimen cups which were rinsed at the factory
before delivery. It has been general practice at SwRI to remove the lubri-
cant film by wiping the specimen cups with a shop towel while visually
inspecting each specimen cup prior to starting the required cleaning pro-
cedure.

2. RMD Impact Tester

It 1s assumed that standard RMD die cup assemblies were used
by the laboratories reporting results from the RMD tester since no devia-
tions were noted

Vv TEST PROCEDURE

A. ABMA Type Tester

A tentative test procedure to be used with the ABMA type impact
tester was discussed at the November 17, 1960 meeting of the cooperating
laboratories. This procedure, with minor changes, was later published
by ASD as USAF Specification Bulletin 527 (Appendix I). A copy of Bulletin
527 was sent to each cooperating laboratory,and it was requested that all
laboratories use the procedure described therein. Later a modified pre-
cooling procedure (see Appendix II) to replace paragraph 6. 2.3.2 of Bulle-
tin 527 was distributed to each laboratory in an effort to provide a definite
sequenced precooling procedure.

B. RMD Tester

The original test procedure recommended for use with the RMD
tester was the procedure described in Appendix III. However, a revised
procedure described in RMD Specification 7491, "Procedure for Operating
the Reaction Motors Impact Tester, RMD P/N 311636," dated September
1, 1961, was later recommended. The revised procedure is essentially



the same as that described 1n Appendix IIl except that the position of the
slot in the vented plug with respect to the centerline of the scalloped cap
1s defined {see Appendix IV).

VI TEST DATA REQUESTED

It was requested that each laboratory perform twenty test drops on
each test sample at drop heights of 42, 33, 24, and 15 inches and that a
definitive threshoid value (paragraph 8. 7. 2 of Specification Bulletin 527)
be obtained for each of the test samples.

In addition to the above test data, it was requested that an estimate
of the intial rebound height of the plummet during blank test be reported.

VII TEST RESULTS AND DISCUSSION
A, General

Summaries of the impact test data submitted by the laboratories
using the ABMA type impact tester and the RMD impact tester are presented
in Tables 1 and 2, respectively. As indicated in Table 1, Laboratory D
did not obtain a definmitive threshold value for sample III A and Laboratory
E did not obtain definitive threshold values for samples IIl A and III C. If
a strict interpretation of the definition of definitive threshold value is taken,
there are additional reported threshold values which may be suspect. The
definitive threshold value of a sample material is defined in Specification
Bulletin 527 as ''the potential energy level for the higher of the two highest
adjacent drop heights at which no reaction occurred in 20 drops, and below
which level no reaction occurred.'" This particular point is not believed
to be serious 1f the threshold value is determined to be 12 in., since the
tester is not usually operated at drop heights of less than 12 inches. How-
ever, in the cases of the threshold values reported by Laboratory C for
sample III A, and Laboratories A, C, and E for sample III B, it should be
pointed out that no reactions in 20 test drops at one drop height may produce
erroneous indications of a threshold value as evidenced by the following data
taken from Table 1:

Reaction Frequency

Drop Sample III A Sample III B Sample III C
Hgt., in. SwRI D SwRI B
27 - - 1/14 4/20
24 1/20 1/20 0/20 0/20
21 0/20 0/20 1/6 2/20
18 1/20 1/20 0/20 0/20
15 0/20 1/20 0/20 0/20

12 0/20
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TABLE 2. SUMMARY OF IMPACT SENSITIVITY TEST RESULTS
FROM LABORATORIES USING THE RMD IMPACT TESTER

Reaction Frequency, No. of Reactions/No. of Test Drops

Sample III A Sa.mele III B SamBIe III1 C
Drop Hgt. , in. G H G H G H

42 5/6 9/10
41

40 7/20

39

38

37

36

35

34 6/20

33 4/10 3/3 6/10
32

31

30

29

28 7/20 13/20 5/20

27

26

25

24 5/10 8/10 3/20  3/11
23

22 1/20

21

20 4/20 7/20 0/20

19

18

17

16 3/20

15 2/20  4/10 2/10 . 2/10
14 0/20 1/7 6/20 1/10 0/10
13 1/4

12 1/1 2/20

11 1/6 1/20

10 1/1 0/20

9 - 0/9

No detailed test results reported by Laboratory I
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Laboratory H, using an RMD tester, reported a threshold value of
14 in. on sample III B. However, the data sheets submitted listed one
reaction, obtained on rebound, during the ten test drops at 14 in. thereby
indicating that the threshold value is below 14 inches,

The threshold values, taken from Tables 1 and 2, for the three test
samples are tabulated in Table 3 for the ABMA type tester and Table 4 for
the RMD tester. The threshold values are also presented graphically in
Figures | and 2 for easy reference,

It will be noted in Figure 1 that although there is a large spread in
the individual threshold values reported for the three test samples, there
is general agreement between five of the seven reporting laboratories with
respect to the relative sensitivity of the three test samples. Further, all
seven laboratories agree with respect to the relative sensitivity of samples
III A and III B.

Exceptionaliy good agreement of threshold values is indicated in
Figure 2 by two of the laboratories using the RMD tester. It is possible
that better overall agreement of relative sensitivity of the three test samples
may have been obtained if more complete data were available from Laboratory
H on sample 1II B.

Cornparing the results obtained using the two different testers, it
is of particular interest to note that when the threshold values obtained with
the ABMA type tester Fig. 1) are compared with those obtained with the
RMD tester {Fig. 2), a different order of relative sensitivity of the three
test samples is indicated. The ABMA type tester, in general, rated sam-
ple III C as the most sensitive and sample III B as the least sensitive, while
the RMD tester rated sample III C as the least sensitive and sample III B
as the most sensitive of the three samples tested.

There was considerable discussion at the November 1960 meeting
of the cooperating laboratories on the validity and identification of char
marks as evidence of reactions in the event that no other indication of a
reaction was noticeable during the test drop. With this in mind, the data
submitted for Cooperative Program No. 3 was reviewed. Laboratory C
reported only one char mark and Laboratories D and F did not report any
char marks. SwRi and Laboratories A, B, and E reported a char mark in
conjunction with practically every audible reaction recorded. However,
very few char marks were reported without additional evidence of reactions
occurring; and none of the threshold values recorded (Table 3) were based
upon char reactions alone.

B. Supplementary Data

Any investigation of the reproducibility of a test method should be
judged in the light of the repeatibility of the test method. Table 5 presents



TABLE 3. SUMMARY OF THRESHOLD VALUES FROM
LABORATORIES USING THE ABMA IMPACT TESTER

Threshold Value

Sample Sample Sample
a1 A I B I C
Laboratory _in. ft-lb ft-lb/in. 2 in. ft-lb ft-1b/in. 2 in. ft-1b ft-1b/in. 2

SwRI 15 25 128 18 30 153 15 25 128
A 12 20 102 24 40 204 9 15 77
B 12 20 102 18 30 153 18 30 153
C 24 40 204 39 65 332 12 20 102
D <15 <25 <128 18 30 153 35 26
E <15 <25 <128 42 70 357 <15 <25 <128

F 27 45 230 30 50 255 30 50 255
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TABLE 4. SUMMARY OF THRESHOLD VALUES FROM

LABORATORIES USING THE RMD IMPACT TESTER

Threshold Value

Sample Sample Sample
III A III B 1 C
Laboratory in. ft-1b/in. 2 din. ft-1b/in. 2 in. ft-1b/in. ¢
G 14 162 10 116 20 231
H 9 104 <l4 <162 14 162
1 14 161%* 12 138% 19 217%

#These data were the only information reported. The corresponding inch values
were obtained by dividing reported data by 4. 41/(0.032 X 12) = 11. 55 and
rounding off to the nearest inch.
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TABLE 5.

Samgle
III A

III B

Ir G

SUMMARY OF THRESHOLD VALUES OBTAINED BY SwRI
ON COOPERATIVE TEST PROGRAM NO. 3 TEST SUPPLIES

Date of Test

May
May
June
June
June
June
Oct.
Oct.
Oct.
Oct.
Nov.
Nov.
Nov.
Dec.
Dec.

July

June
June
June
June
July
July
Aug.
Nov.

Mar
May
May
June
Nov.

1961
1961
1961
1961
1961
1961
1961
1961
1961
1961
196 1%
1961
1961
1961
1961
1962

1962
1961
1961
1961
1961
1961
1961
196 1%

1961
1961
1961
1961
1961%*

Threshold Value

Height, in.

21
18
15
15
18
18
15
12
12
18
15
18
21
21
18
18

18
30
18
27
24
30
27
18

18
12
15
18
15

Potential Ene rgy, ft-1b

35
30
25
25
30
30
25
20
20
30
25
30
35
35
30
30

30
50
30
45
40
50
45
30

30
20
25
30
25

*These data were obtained and reported for Cooperative Test Program

No. 3.

13
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the threshold values obtained at SwRI on the samples used in Cooperative

Test Program No. 3, by means of the ABMA impact tester using the test
method specified in Specification Bulletin 527. A summary of these thresh-
old values is as follows:

Threshold Value, in,

Sample Minimum Maximum Average Standard Deviation
IIT A 12 21 17.0 2. 84
III B 18 30 24.0 5.32
Inmc 12 18 15.6 2.51

Figure 3 presents a comparison of the threshold values reported for
Cooperative Test Program No. 3 with those obtained in the repeatibility
study. The range of threshold values determined in the repeatibility study
is represented by the shaded area. It will be noted that the majority of the
threshold value determinations reported for the present cooperative program
are within the repeatability range of one laboratory.

C. Test Variations Reported

1. Test Procedure

The only variation in the test procedure used was reported
by Laboratory B; '"Liquid nitrogen instead of LOX was used for precooling
strikers, cups, and anvil similar to the method used for Cooperative Pro-
gram No. 2."

2. Sample Volume

A variation in the amount of test sample used to attain the
required 0.050 in. sample thickness was noted in the data submitted.
Following is a tabulation showing the different amounts of test sample used:

Sample Used, ml

Laboratory IIT A III B III C
SwRI 0.57 0. 60 0.56
A 0.55 0.55 0.46
B 0.55% 0.55% 0.53%
Cc 0.50 0.50 0.50
D Not Reported
E 0.50 0.50 0.50
F 0.60 0.60 0.60

* Approximate values calculated from weights reported,
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Using the minimum and maximum reported quantities of each
test sample, measurements taken at SWRI indicate that the samplethicknesses
used by the different laboratories may have varied between approximately 0. 040
and 0.054 in. for all three test samples. However, based upon the thresh-
old values reported by the cooperating laboratories and upon data obtained
earlier at SwRI on the effect of sample thickness on sensitivity'™’, it is not
believed that this apparent discrepancy is significant in the present program.

3. Plummet Drop Time

The reported plummet drop time variations are tabulated in
Table 6 as percent variation from calculated free fall. Four laboratories
report consistent average drop times within the allowable 3 percent
variation.

4. Rebound Height

The following initial rebound heights of the plummet were
reported for blank tests conducted at 48 in. drop height on the ABMA type
testers (in the order of decreasing rebound height):

Laboratory Rebound Height, in.

A 24

SwRI 9
E 6tol2
F 6to 8.5
B 4, 7%
D 3%k
C .75to 1,25

It was believed that the severity of the individual impact
testers could be indicated by comparing the rebound heights and the thresh-
old values obtained with the various testers. However, it can be seen in
the following tabulation that although there are indications that some testers
are generally more severe (for example, A, D, and SwRI) than others, the
test severity does not appear to be consistently related to the rebound height.

Relative Severity

Order of Severity III A II1 B III C
Most severe A,B,D,E SwRLB,D D
SwRI A A
C F C
F C E

E SwRl
B
Least severe F

* Reported calculation from data at 24 and 36 in. drop heights.
** Data reported for 42 in. drop height.
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TABLE 6. SUMMARY OF AVERAGE VARIATION OF DROP
TIME FROM CALCULATED FREE FALL

Calculated Mean Variation from Free Fall, percent

Laboratory Sample 42 in 33 in. 24 in. 15 in.
SwRI Il A 18 1.7 1.9 2.3
III B 1.3 1.4 1.7 2.3
I C 1.8 1.5 1.5 2.5
A III A 2.7(3) 3. 6(1) 4. 6(3) 1. 5(9)
III B 3.0(2) 2. 6(8) 1.8 -
III C 2.9(5) 3. 0(8) 2.8(2) 1. 8(2)
B*
C IIT A 0.9 1.2 2.4 2.3
III B .5 2.0 2.4
II1 C 10 1.1 2.5 2.4
D III A 0.6 2.0 1.2 .4
II1 B 0.6 1.9 0.8 1.1
III C 0.2 1.7 1.9 1.3
E I A 2.9(10) 4. 1(6) 4. 3(10) 4.2(16)
III B 2 0 - - -
11 C 3.4 3.8 33 4.0
| 2 11 A 0.4 0.5 0.0 -0.4
III B -0.6 0.0 -0.3 0.7
1 C -0.4 -0.5 -0.3 0.7

Values given are based upon 20 test drops unless indicated by number in
parenthesis which denotes number of drops used to obtain mean,

#* No timing data submitted.

%% Corrected drop time (average recorded drop time minus 20 milliseconds)
reported. ''The cause for this deviation of measured from theoretical
free fall time has been found in the continuing support of the plummet by
the decaying magnetic field after the plummet has moved far enough to
break the timer contacts. This deviation has been found to be systematic,
and under the specified conditions of operation, constant at 20 * 2 milli-
seconds. "
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VIII, CONCLUSIONS

Despite the rather large variations in the threshold values reported
by laboratories using the ABMA type impact tester, there was general
agreement among laboratories with respect to the relative sensitivity of
the three test samples evaluated in the program.

General agreement of relative sample sensitivity, in a different
order from that obtained with the ABMA type tester, was indicated by the
laboratories reporting results from the RMD impact tester.

No direct correlation of results from the two different testers was
evident except to the extent that both testers showed all three test samples
to be impact sensitive in LOX.

Cooperative Test Program No. 3 showed definite improvement in
test reproducibility when compared with previous cooperative test pro-
grams. However, further improvement in test reproducibility is desirable.
It is recommended that additional emphasis be placed on the control of vari-
ables such as sample thickness and drop time deviation from free fall. In
addition, the plummet rebound height, which is an indication of the rigidity
of the tester and foundation, appears to require some measure of control;
althougk the effect of this variable on the reported threshold values was not
conclusive.

LIST OF REFERENCES

1. Beane, G. A., "Results on Lox-Lubricant Impact Sensitivity
Cooperative Test Program No. 1,' WADC Technical Note 58-344,
November 1958.

2. Letter from Marc P, Dunnam, ASD, Subject: Initiation of Coopera-
tive Program No. 2, March 4, 1960.

3. Letter from G. A, Beane, ASD, Subject: Result of LOX-Lubricant
Impact Sensitivity Cooperative Testing Program No. 2, November
8, 1960.

4, Baber, B.B., et al., "Lubrication Research and Test Method

Development for Aerospace Propulsion Systems (March 15, 1960
to January 14, 1961), " ASD Technical Report 61-85, May 1961.




APPENDIX I

USAF SPECIFICATION BULLETIN 527

19



U. S. AIR FORCE

WW\»NWWUU}DUW\»WWUU

SPICIFICATION
BULLETIV
LIQUID OXYGEN COMPATIBILITY IMPAC?
SENSITIVITY TEST METHOD
Paragraph Table of Contents .
1. Scope and purpose
2. Brief outline of the impact semsitivity test
method )
. Test equipment
ol Anvil region assembly
o2 ABMA tzzo impact tester
.2.1 w
2.2 Safety catch
2.3 Base plate
o2ed Anvil plate
2.5 Striker pins
2.6 Specimen cup holder
2.7 Specinen cups
o3 Auxiliary equipment
.3.1 ' Fm‘P‘
3.2 Liquid oxygen storege ocntainere
3.3 Gaseous aoxygen bottles
3.4 Test cell
3.5 Timing instrumentation
he Materials '
4.1 Liquid oxygen '
4be2 Trichloroethylene
4e3 Adlkaline cleaner
5. Cleaning and storage of equipment
501 General
5.2 Test cell
53 Striker pins
5.3.1 Storage of eleaned striker pins
5:3.2 Remachined striker pins
5.4 Specimen cups
5eded Storege of cleaned specimen cups
55 Auxiliary equipment '
5¢5.1 Stainless steel wvare
5.5:2 . Glassware
56543 Liquid oxygen handling equipment
5.6 Cleanliness sheeX

L AN Y AR b Sy bt D ol FC W o e

m .
, 1 MAY 1961

. Page



527

6.

6.1
6.1.1
6.1.2
6.1.3
6.1.3.1
6.1.4
6.1.5
641541
6.1. 5.2
6.1.6
6.2
6.2.1
642,2
6.2.3
6.2.3.1
6.2.3.2
60204
6.2.5
6.3

6.3 .1
6.3.2
6.3.3
603.4
6.3.5

7.
8.

Testing
Preparation of test samples
Number of s
Liquids (oﬂ“sl”
Greases

Solids
Solvents
Method I
Method II
Coatings
Precooling
Definition
Dewar flasks
Specimen cups
Blank specimen cups

Specimen cups containing ssapls material

Striker pins

Specimen cup holder and anvil plate
Impact teat

Critical test paramstere

Blank drop

Test drop

Impact reaction

Interpretation of results

Report

thoa

Anvil Region Assembly

ARA Impact Tester Striker Pin and Specimen Owp

Drawing of Striker Pin Holder
Specimen Plate Tee and Positioner

Instrumentation for Measurement of Drop Tinme

Assemblage of tho. tuo-phoo specidien oup

17

O 0 I 3~



527

1, Scope and purpose.- This bulletin covers a test method for
determining the compatibility of materials with liguid oxygen using
the ABMA type impact tester. The materials included in the scope of
this procedure are liquids (oils), greases, solids, sclvents, and
coatings (dry fila).

2, Brief outline of the impact sensitivity test method.~ Samples
of the material are prepared in standard impact-test sapecimen cups,
the material precooled and the cups filled with liquid oxygen and
placed in an impact tester, A precooled striker pin is centered in
the cup. A plummet 1s released from a given height on the striker
pin, which in twn impacts the material, Observation for reaction
is made and the impact sensitivity determined.

3. Te:* equipment

3.1 Anvil region assembly,- The anvil region assembly (a critical
portion of the ABMA type impact tester) shown on figure 1 shall be
1(xsed in u.}l teating conducted in accordance with this bulletin,

See 8.40

3.2 ABMA type impact tester.- The ABMA type impact tester (see
fimre 2, 8,3, and 8.4) is the standard test equipment for determine
ing the compatibility of a material with liquid oxygen. The complete
tester should be used in testing whenever poasible., It consists of
three guide tracks capable of maintaining vertical alignment under
repeated shock conditions; plummet weight, electromagnet for support-
ing or releasing the plummet, solenoid operated safety catch to
support the plummet when the magnet is not emergized, base plate
supported by reinforced concrete, anvil plate, striker pin, striker
pin guide, specimen cup holder, and specimen cup.

3.2,1 iagnet.~ The magnet is designed to hold over 20 pounds of
weight with a minimm emount of electrical energy. The voltage
required is 6 volts d.c.

3.,2,2 Safety catch.~ The safety catch is designed to hold the
plumuet near the base of the magnet. It is used to support the
plumet during the cleaning operation when the magnet is not energizad,

3.2,3 Base plate.~ The base plate of l-inch thick stainless steel

rests on & 1/8-inch thick stainless steel sheet. This sheet covars

the 2-foot cube base of reinforced concrete to prevent scattering of
cement dust upon impact., Four stainless steel foundation bolis and

nuts protruding from the concrete base are used to fasten the plate

and sheet to the concrets.
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3.2.4 Anvil plate.- The anvil plate is an approximately l-inch
thick heat-~treated stainless stesl plate that is centered and rests
on the base plate. This plate centers the specimen cup holder and
provides protection from denting the bese plate upon impect.

3.2,5 Striker pins.- The striker pins are made from 17~} PH stain-
less steel, Sufficient pins should be provided for testing and
discard, (SOO 8010) .

3.2,6 Specimen cup holder.- The specimen cup holder is a l-inch
thick stainless steel block and is centered on the anvil plate bty

a pilot circle machined in the anvil plate. The specimen cup holder
contains two protruding specers vhich align the striker pin guide,
and in turn the striker pin with the nose of the plummet, thus
ensuring & direct hit by the nose of the plummet on the striker pia
in the specimen ocup.

3.2.7 Specimen cups.- One-piece and two-piece specimen ocups are
used in this test method. A one-piece alumimm specimen cup shall
be used in the testing of liquids (oils), solids, and solvents. A
two-piece specimen cup consisting of an alumimm specimen plate and
teflon sleeve shall be used in the testing of greases and coatings
(dry £41m). (See 8.2 and 8.,6.)

3.3 Auxiliary equipment.- The auxiliary equipment consists of
forceps for handling the specimen cups and striier pins, stainless
steel spatulas, liquid oxygen handling equipment such as stainless
steel Devar flasks, liquid oxygen protective gloves, lintless labore-
tory coat, safety goggles, gaseous oxygen bottles, and liquid cxygen
storage containers. Additional handling equipment includes striker
pin holders (see figure 3), specimen cup treys, specimen plate tee
and positioner (see figure 4), desiccators (without desiccant) for
storing specimen cups and striker pins, & 10 milliliter (ml) micro-
burette, a stainless steal top (level) work table, a test cell for
the apparetus with a protective window for observation of test drops,
a control panel for the operator to activate the safety catch and
electromegnet, and timing instrumentation to messure the drop time
of the pluxmet (see figure 5).

3.3.1 Porceps.- Stainless steel tongs or forceps shall be used to
handle the cleaned specimen cups, striker pins, and solid samples to
prevent contamination by the operator's hands. -

3.3.2 Liquid oxygen storege contairers.- Liquid oxygen storege
containers are required for storsge of the liquid oxygen.

3.3.3 Gaseous oxygen bottles.~ Gaseous oxygen bottles should be
used to transfer lijuid oxygen from the storage containers to the
Devar flasks.
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3304 Test cell.~ The impact tester shall be housed in a test cell
containing a concrete floor, Aluminum sheeting shall be used to
cover the ceiling of the cell, and, if possible, the walls. This
facilitates cleanliness. The cell shall contain an observation
window of Plexiglas, or other shatter-proof material. It shall be
shrouded to darken sufficiently for obeervation of* flashes.  Con-
tinuous ventilation shall provide fresh, wnocontaminated, filtered
air to the test cell., '

3.3.5 Timing instrumentation.- A Berkeley Universal Counter and
Timer, Model 5500, or equivalent, shall be used for messurement of
drop time (see figure 5 and 8.5). Two contacts are attached to the
tester to start and stop the counter., The overall drop time is
neasured from any given height of the impact tester., The timing
instrument is necessary to permit evalumation of the kinetic energy
expended in friction,

40 Materials

4ol Liquid oxygen.- Liquid oxygen specified in this bulletin shall
conform to Specification MIL-0-25508.

4e2 Trichloroeth'ylem’.- Extraction grede trichloroethylens speci-
fied in this bulletin shell have & maximum nonvolatile residue
content of 0.0010 percent by weight,

4.3 Alkaline cleaner.~ The formula for the alksline cleaner speci-
fied in this bulletin shall be: 15 trisodium phosphate (lh;l’ol.)
and 15 grams sodium hydroxide (NaOH) in 1 liter of distilled water,

5. Cleaning and storage of equipment °’

5.1 General.~ The impact tester, its accessories, and the test
cell shall be mainteined in a clean condition., The guide tracks,
plummet, anvil plate, striker pin guide, specimen cup holder, and
base plate of the impact tester shell be cleaned thoroughly at the
start of each test and between tests of different materinls by using
steel wool, and rinsing with clean extrection grade trichloroethylene
(see 4.2). In addition, the anvil plate, specimen cup holder, striker
pin guide, and plummet nose shall be cleaned with clean extrection
grede trichloroethylene at least after impact test of every tenth
sample during test. After completion of testing for the » the
impact teater, handling equipment (Dewar flasks and forceps), striker
pins used in testing, and sample prepearstion equipment shall he
ringed with clean extraction grede trichlorocethylens. Cleanliness
must be maintained throughout any series of impact testing to mini-
mize erromeous test resultis,

et e A A A O
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52 Test cell.- The aluminum ceiling and any fixtures in the test
cell that could acoumulate dust shall be cleaned weekly. The con-
crete floor shall be vacuumed weekly and scrubbed when necessary.
The air intake shall be filtered and the £ilter changed at least
every 3 months.
5¢3 Striker pins.- Striker pins shall be cleaned as follows: . Vapor
degrease with trichloroethylene, follow with & l5-minute soak in
alkaline cleaner (see 4.3), rinse thoroughly with distilled water,
and nitrogen (water pumped only) of oven dry. (See 3.3.1.) Visually
examine pins for discoloration, scratches or pits on the striking
area, Discolored pins may be od, failing this, they should be
remachined (see 5.3.2) and recleanpd, or discarded. Pins
scratches or pits shall be remachifed and recleansd, or discarded.

5.3.1 Storage of cleaned striker e«= Cleaned striker pins shall
be stored in a clean desiocator (without desicomnt) until use. The
cleaning specified in 5.3, except the vapor degresse, shall be
repeated cn pins stored 1 month or more. Pins stored more than

6 days but less than 1 menth shall be given & rinse with clean
extraction grade trichlorosthylene and nitrogen (water pumped only)
or oven dried prior to use.

5.3.2 Remmchined striker pins.- 7The length of remachined striker
pins shall be 2,000 plus 0,010 or minus 0,100 inches. Striker pins
shall be remachined if the striking ares contains scretches or pits,
or both, It may be necessary to remachine pins bent or flattened
during impact test. Badly bent pips and remachined pins in which
the diameter near the striking ares exceeds 0.505 inch or is less

5+4 Specimen cups.- Specimen cups shall be cleaned as follows:
Vapor degresse with trichloroethylens, wash with detergent (Tide,

" or equivalent), rinse with distilled water, and nitrogen (weter

pumped only) or oven dry. (See 3.3.1.) Visually examine aw-piece
cups and specimen plates (elumimm portion) of two-piece oups for
discoloration and scratches or pits of the interior base. Dis-
colored cups and specimen plates may be reclesned, failing this,
discard as well as those containing scretches or pits. Specimen
ocups and specimen plates shall de used only once and discarded.
Visually examine teflon sleeves of two-piece cups for cleanliness.
Unolean slesves may be reclesned, failing this, discard. Teflon
sleeves may be reused until no longer cleanabls or no longer a
proper f"it, or both, .

Se4el Storage of cleaned specimen cups.- Cleaned specimen oups
shall be stored in a clean desicoator (without desiocant) wntil use,
The cleaning specified in 5.4, except for vapor degrease, shall be
repeated on cups stored 1 month or more. Cups stored more than

i
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6 days but less than 1 month shall be given & rinse with clean extrac-
tion grade trichloroethylene and nitrogen (water pumped only) or oven
dried prior to use.

5.5 Auxiliary equipment

5.5.1 Stainless steel ware.,~ Stainless steel ware, such as striker
pin holders, forceps, spatulas, and specimen cup trays, shall be
cleaned in the same manner as the striker pins (see 5.3). Once inte-
grated into the handling procedurs, a thorough rinse of the stainless
steel ware with clean extrection grade trichloroethylene is the only
cleaning necessary. .

5.5.2 Glassware.- Any glassware, such as microburette, bsakers, and
pipette shall be cleaned as follows: Soak approximately 2 hours (de-
pending on degree of contamination) in warm sulfuric acid-dichromate
solution, rinse with distilled water, and nitrogen (water pumped only)
or oven dry. . :

5.5.3 Liquid oxygen handling equipment.- Liquid oxygen handling

. equipment, such as gasecus oxygen lines (tubing), and liquid oxygen

storage containers shall be cleaned thoroughly at least every 3 months
with clean extraastion grade trichloroethylenme. Safety manuals on
liquid oxygen bandling and cleaning procedures shall be followed.

5,6 Cleanliness check.= The effectiveness of the cleaning procedure
described herein shall be checked as follows: Select at least five
each cleaned specimen cups and striker pins from every batch cleaned.
Precool the blank (unptyg'apo'cimn oups, striker pins, and specimen
cup h°1d°r as spociﬁ.id in 6020301’ 6.2.4’ and 6.2.5’ mmi"ly.
From a height of 48 inches perform test drop as specified in 6.3.3.
If no reaction occurs, the specimen cups, striker pins, and test rig
are considered clean. Should a reaction oocur, the cups and striker
pins represented by those tested, and the test rig shall be recleansd
and the check procedure herein repeated.

6. Testing
6.1 Preparation of test samples

6.1.1 Number of gamples,~ At least 20 samples but not more than an
amount that can be tested within 8 hours after preparation should be
prepered in accordance with 6.1.2 through 6.1,6, as applicable, for
each series of test drops. More than 20 samples may be desirable to
allow fer rejoction due to samples floating or breaking up during
precooling (see 6.2). .

6.1.2 Liquids (oils).- Liquid samples shall be prepared as follows:

" Shake liquid well before use and allow air bubbles to float out of

solution. Utilise a 10 ml microburette in handling the liquids.

12



Ty e D s < n <y

527

Determine by trial and error technique the volume of liquid required
to give a sample thickness of 0.050 inch in the specimen cup. (This
is necessary because of variations in density and surface tension
from liquid to liquid.) Fill the cleaned, one-piece specimen cup

to a sample thickness of 0.050 inch. A micrometer depth gage with
leveling blocks is suggested for measurement and the work table
should be level. Proceed as .p‘c“i.d in 6.2.3.2.

6.1.3 Greases.- Grease samples shall be prepared as follows: Place
the cleaned specimen plate of the two-piece cup in the cleaned specinen
plate tee. Press sufficient sample material (a slight excess) in the
speoimen plate with the cleaned atainless 'steel spatula to fom a
uniform sample free of air bubbles and void spots. -Sorape off the

‘excess sample grease with the spatula until & smooth surface level

wvith the edge of the specimen plate is achieved, Remove excess sample
from the outer perimeter of the specimen plate with clean lintless
tissus. Assemble the two-plece apecimen oup s described in 6.1.3.1

_and proceed as specified in 6.2.3.2.

6.1.3.1 Assemblage of the two-plece specimen cup.- Assemble the
two=-piecn specimen cup as follows: Place the specimen plate on a
clean, fiat surface. Carefully press the teflon sleeve down around
the specimen plafe, A specimen plate positioner (see figure 5) may
be used to hold the specimen plate during this procedure,

6.1.4 Solids.- Samples of solids from the application products
shall be cut and prepared as follows: The diameter of the sample
should be small enough to fit within the f£lat portion of the bottom.
of the specimen cup and greater than the diameter of the striker

pin. When the application product has a thickness less than

0.050 .inch and can be cut to form a reascnably rigid disc (not too
flimgy) with & diameter of 0,750 insh (tolerence of minus 0.125 inch),
test saxples shall be prepared therefrom. When the application
produst has a thicknéss greater than 0.050 inoh or osanot be cut

to form a reasonably rigid disc (not too flimsy) having the required
dismeter, flat-disc test samples 0,050 inch £0.003 inch thiok and
0.750 inch (tolerence of minus 0.125 inch) dismeter shall be speci-
ally prepared. Thess discs shall be made from the same identifiable
lot of sheet or raw materisl from which the application product was
made, The surface finish of both sides of the discs shall assimilate
the application product. Measure thickness of each sample specimen
with a micrometer, and record seme, Clean sample specimen by -
thoroughly rinsing in clean axtrection grade trichloroethylene, and

‘nitrogen (water pumped only) or oven dry. (See 3.3.1.) Should the

trichlorosthylene bhave an adverse effect on the sample, use any

other liquid oxygen compatible solvent that has no reaction out of

20 test drops at 70 £t 1b vhen subjected to procedure specified in
6.1.5.1 or 6.1,5.2, Should all such compatible solvents have an
adverse effect on the sample disc, clesn with & detergent vash (Tide
or equivalent), rinse with distilled water, and nitrogen (water pumped
on‘.l;joranndry. Plaoe in cleaned one-piece specimen cup, and
proceed in aocordance with 6.2.3.2, :

3




i A g AT T T

s | c '“"f.«,'"? i

. IWM h &2.3.2.

{
!

6.1.5 Solvnto.- Solvent samples shall be prepared 2 specified in
6 1. 1 or 6.1.5020

61.51 Method I.- Concentrate the aolvmttozpmntotitl
original volume by evaporeting the solvent in a gravity convection
explosion-proof cven. Hold the tempsreturs of the oven at 5° to
10° F below the bo point of the evaporeating solvent, Flaoe
the 2 percent conoen m-ohnthtbchmd,ww
mmtonmao.mmm.oosm Proooodn o

.";‘

6.1.5.2 WII.- Msudﬁzmtom-w

: ivqtjnué.l.s.l) in the oleaned, specimen oup and further
: ‘a8 desoribed in 6,1.5. m . Mnm

hn than 0,030 inch.

6.1.6 Coatings.- Mmmnumnumrmwm
paints shell be prepared as follows: Apply the coating 4o the Inside
of the cleaned speciaen plate of the two-plece cup in the same maxmer
and to the same thickness that is intended for its herdware applica-
tion; 9.8+, spreyed on, baked on, brushed om, ¢t ceters. Upon come
ﬂotmormmormm,m-ﬂomm

pecimen cup as described in 6.1.3.1. Prooeed ss specified in
6.2.3.2. The sample thickness of this coating piobably will de
less than 0,050 inoh.

6.2 Proéoonng

6.2.1 Definition.~ The term precooling as used herein means to
lower the tempersture of the material being cooled to the boiling-
point of liquid cxygen at ons atmospheric pressure (-297° F),

6.2,2 Dowar flagks.- Dewar flasks shall be precocled as follows:
Transfer & small volume of liquid oxygen from the storage container
into the Dewar flask and oool flask to liquid oxygen tempereture.
(Liquid cogygen boils vigorously until the swrface of the Dewar flask
has cocled to liquid oxygen temperature.) When ocooled, £il11 flask
to three-fourths. of its total volume with liquid oxygem. Cover with
clean aluminum foil or stainless steel cover, (Experience bay estab-

* lished that the economical method is to use stainless ltul\d.do-

mouthed Devar flasks snd stainless steel covers., )
6.2.3 Specimen cups

6.2.3.1 Hlank specimsn cups.- The ocleaned, mekopocMoupc
omum«mw-mmmm.mwmumu
1iquid oxygen.
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642,3,2 Specimen oups containing ssaple msierisl.- The specizen
cups containing sample material to be tested (see 6.1) shall be
precoolod as follows: Proceed with extreme care to minimise creck
ing of the seample in the base of the cup.. On & level table, place
a stainless steel tray (similar to a hospital surgical pan) and
put specinen oups containing ssmple material therein. g;:o uge of
the level table assures & uniform semple thickness.,) Slowly
liquid oxygen into the trey to a level one-fourth the height
the specimen cups. Avoid splashing smell)
oxygen onto the warn test saxple in order to prevemt.a hole or void
spot in the sample. After the sample utchlm has frosen, powr

to
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" pour 1iquid oxygen directly into the cups as this will increase the

danger of treakup of the sample and may
from the cwp.) Slowly ouh-uo:hoouubymwh(thlmu

assure sample does not comtain & void or hole, snd that the materisl
bas not separeted from the bottom of the oup, or popped out

any sample cup that does not pass this inspection. Semples need not
be discarded for crecking. Perform impact test (see 6.3) within

- 4 hours after precool,

6.2.4 Striker pins.- Cleansd striker pins shall be precooled by
placing pins in striker pin holder and immersing in & Dewar flask
conteining liquid oxygen. '

6.2.5 Specimen cup holder and anvil plate.- The specimen cup holder
and anvil plate (anvil region) shall be precooled just prior to
placing a specimen cup for tést, as follows: Use cleaned forceps

and specimen cup or specisl trensfer comtainer to transfer liquid
oxygen from the Dewar flask to the anvil region. Pour liquid

oxygen into the hole of the specimen cup holder and onto the anvil
plate wntil boiling of the liquid oxygen is negligible. This pre-
cooling allows sufficient time for the operstor to lsave the test
cell and impect the sample while it is in contact with the liquid
oxygen. . :

6.3 Inpact test

6.3.1 Critical test paremeters.- Critical test parameters ave as
follows:

a. Plumet weight.- Plummet weight shall be 20 +0.05 pounds.

.be Drop height.- Drop height shall not deviate more than
£0.2 inch from the specified height.

e Striker pin dismeter.- Striker pin diameter near the
'trikin‘ area shall be 0.500 £0.005 inch,

15
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d. Sample thickness.~ Sample thickness shall be 0.050
10.003 ipch, and as otherwise specifiod in 601.4’ 6.105. and 601.60

6. Energy loss.- The energy loss due to friction shall be
indirectly controlled by measuring the overall drop time for each
drop from any given drop height., The averege measwreddrop time for
20 valid test drops from the same drop height shall mot exceed the
computed theoretical free fall time by more than 3 percent. An
individual test drop is considered valid when its messured drop time
does not deviate by more than 0,010 second from the averege measured
drop time of 20 test drops at the same drop height, An individual
test drop is also considered valid when a resction ocours regardless
of its measured drop time.

6.3.2 Blank drop.~ To determine cleanliness, at least two blank
drops shall be made from a height of 48 inches prior to the first
and one after every tenth drop of each sample material in accord-
ance with 6.3.3. If no resction occurs, testing of ssmple material
may proceed. Should a reaction ocour, the generel cleaning speci-
fied in 5.1 shall be repeated and five hlank drops performed there-
after. Should a reaction still ocour, the entire cleaning procedure
specified in seotion 5 shall be repeated until five blank drops are
nmade without reaction.

6.3.3 Test drop.- The following steps shall bc accomplished with
sufficient care and speed so that the specimen cup will contain
some liquid oxygen at all times prior to impact: Adjust magnet

to proper drop height. Use clean foroeps to set the precooled
specimen cup (blank or containing the frozen sample and liquid
oxygen, as spplicable) into the precooled cup holder of the anvil
region assembly. Make a final visual check to assure the frozen
sample has not separated from the bottom of the cup. Discard those
that have separated. Center the precooled striker pin into the
cup and hold in position by the striker pin guide, Replenish the
pertially boiled-avay liquid oxygen by topping the oup with liquid
oxygen. Cover the exposed containers of 1liquid oxygen (1iquid
oxygen tray containing sample cups and Dewar flask containing
striker pins and pin holder). Close test cell door, turn off cell
lights, and set timer, Release safety catch and plummet by means
of the electrical control panel located outside the test cell near
the observation window. Observe and record the resulis of the
impact reaction as defined in 6.3.4. Record drop time of. the
plummet,

6.3.4 Impact reaction.- A positive reaction is considered to be
a detonation, visible flash during impact, or discoloration, turnt
or charred spots, pits, or any such evidence of a reaction upcn post

15
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inspection of the rewvarmed striker pin and the sample specimen oup.
Odor alcne will not be considered to be a reaction, Degree of
severity of reaction shall be noted as follows:

Extreme - Obvious cup deformation due to reaction.

Moderate - Obvious flash, audible detonatiom, h.u-ning, or any
combination thereof,

Faint - Barely detectable flash or detonmation, or combination
thereof.

Char - Evidence of burnt or charred spots on either the striker
pin or specimen cup,

If any reaction ocours on rebound, it should be reported and classi-
fied in the same mamner. -

6.3.5 Interpretation of results.- Unless otherwise specified in the
procurement specification, when no reaction in 2 minimm of 20 con-
secutive drops or a maximm of 1 reaction in 40 consecutive drops
ocours, the material shall be considered to pass this test.

7. Report.- The following data should be reported for each series
of 20 test drops:-

a. Type of sample material tested, its cammercial trade name,

and batch number,

b. Drop height of the plummet. ,
c. Measured free fall time of the plumet for each test drop.
d. Computed theoretical free-fall drop time for each drop height.

Percent of deviation of averege measured drop tine from
thoorct:loal free~fall drop time.

£, Ambient temperature, humidity, and barometric pressure,
gravitational constant, .

g. Sampls thickness.
h. Number and severity of reactions that occurred.
i. Number of blank cups tested,
1ng i . tDa.i'.o, testing laboratory, and the name of operator conduct-
8%,

17
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&. Notes

8.1 Known sources of supply for the expendable striker pins (see
3.2.5) are: (1) D, S, Anthony and Soms, 1235 W, Laurel Street,
San Antonio, Texas, and (2) Dobbins Metal Company, 1207 Fulton
Avenue, San Antonio, Texas. * :

8.2 A known scurce of supply for the expendable specimen cups (see
3.2.7) is Dobbins Metal Company, 1207 Fulton Avenus, San Antonio, Texas.

8.3 Know sources of supply for the ABMA type impact tester (see 3.2)
are: (1) Gray Schultz Inc., Mt. Elliott Avenus, Detroit 34, Michigan,
and (2) Peerless Engineering Company, Inc., 4741 Firestone Boulevard,
South Gate, Californmia.

8.4 Complete sets of drawings for the ABMA type impact tester and the
anvil region assembly will be furnished upon writtem request to:
Aeronautical Systems Division, Attn: ASRCEF-2, Air Forces Systems Command,
Wright-Patterson Air Force Base, Chio. -

8,5 A kmown source of supply for the Berkeley Universal Counter and
Timer, Model 5500 (see 3.3.5) is Berkeley Scientific Division of
Beckman Instruments, Inc., Richmond, California,

8.6 A known source of supply for teflon tubing for the teflon sleeve
(see 3.7) is the Sparta Manufacturing Company, Dover, Ohio.

8,7 Determination of thresholc_l value

8,7.1 Approximete threshold value.- The approximate threshold value
should be sought in accordance with the schedule of drop heights
listed in table I. Testing at each drop height should continue until
either 20 no-reaction drops or 1 reaction drop occurs. The approxi-
mate threshold value is the potential energy level for the first
height at which no reaction ocourred in 20 drops. -

Table I. Schedule of drop heights

. t Drop height
Schedule :  (inches
1lst drop series : -]
24 drop series 3 33
3d drop series s 24
4th drop series s 15

8.7.2 Definitive th& value.~ The definitive threshold valus
should be sought at consecutively decreasing drop heights showm in

18 ' ' '
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table II beginning two drop heights (6 inches) above the height at
which the approximate threshold value (see 8.7.1) was socomplished.
Testing at each drop height should continue until either 20 no-
reaction drops or 1 reaction drop occurs. The definitive threshold
value is the potential energy lsvel for the higher of the two
highest adjacent drop heights at which no reaction-occurred in

20 drops, and below which level no reaction cocurred.

Table II, Drop height and potential emergy level

Drop height : Potential energy :: Drop height 3 Potemtial energy

(inches ) (£% 1b) ¢:  (inches 3 (£ 1b)
48 3 80 s . 27 s 45
45 s 75 $s 24 : 40
42 s 7 1 2 : 35
39 s 65 33 18 H 30
36 s 60 $3 15 3 25
33 F 55 Y] 12 H 20
30 H 50 32 9 3

15
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APPENDIX II

PRECOOLING PROCEDURE USED FOR COOPERATIVE
TEST PROGRAM NO. 3
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PRECOOLING PROCEDURE
TO REPLACE PARAGRAPH 6.2.3.2 OF SPECIFICATION BULLETIN 527

(For Co-op Program No. 3 Only)

6.2.3.2 Specimen cups containing sample material. - The specimen cups con-
taining sample material to be tested (see 6. 1) shall be precooled as follows: Pro-
ceed with extreme care to minimize cracking of the sample in the base of the cup.
On a level table, place an insulated stainless steel tray (1) and place specimen
cups containing sample material therein. (The use of the level table assures a
uniform sample thickness.) Liquid oxygen is then poured into the tray by means
of a small mouth transfer container (2)and a filling funnel. (3) The funnel is fitted
with a metal plug containing a 1/16 in. orifice (4) which controls the rate at which
the liquid oxygen is added. The funnel is held in position with the tip of the metal
plug approximately 1/4 in. from the bottom of the tray. Liquid oxygen is then
added to the funn:l to maintain a steady flow through the orifice until all of the
samples are frozen. After the test samples are frozen, the funnel is then removed
and liquid oxygen added directly to the tray from the transfer container until there
is a sufficient quantity of liquid oxygen in the tray to float the specimen cups. The
specimen cups are then submerged by slowly tilting the cups and allowing the liquid
oxygen to overflow the sides of the cup. Make a visual check of all the frozen
samples to assure that the samples do not contain a void or hole, and that the
sample material has not separated from the bottom of the cup, or popped out.
Discard any test sample that does not pass this inspection. Samples need not be
discarded for cracking. Perform impact test (see 6. 3) within 4 hours after pre-
cool.

(1) '"Vollrath" stainless steel pan with cover or equivalent. Dimensions: 12 in.
x 8in. x 2 in, Approximate cost - $11. 00. Insulation is provided by asbestos
tape or equivalent.

(2) "Purox'" type C laboratory container or equivalent. Capacity: 1 liter. Manu-
factured by Linde Company. Approximate cost - $26. 00,

(3) Filling funnel for ""Purox' type containers. Manufactured by Linde Companv.
Approximate cost - $5. 00

(4) Sketch of plug shown in attached Figure 1.

ke e £ i 7 « e ot s —————
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APPENDIX III
RMD IMPACT TESTER OPERATING INSTRUCTIONS

{Reproduced from Report No. CMP 91, Reaction
Motors Division, Thiokol Chemical Corporation)
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Thiokol Chemical Corporation Report No.: OCMP 9N
REACTION MOTORS DIVISION

£. DESCRIPTION

The Reaction Motors Impact Tester is a oconvenient laboratory tool for -
determining the shock sensitivity of various materials in the presence of
liquefied gases, liquids, or gases. The impact test is a simple means of
quantitative determination of the relative sensitivity of materials to
initiation of an explosion. It is not a messure of a fundamental property.
Your impact tester has been determined, on the basis of exhaustive teats,
to provide the most efficient and reliable method of obtaining accurate
and reproducible shock sensitivity data for various propellants as well

as for lubricants, sealants, plastic and elastomeric materials in the
presence of cryogenic or other oxidizing media.

Your Impact Tester (reference Figure 1) is delivered completely assembled.
You need only mount the unit on & concrete pad, plug it in to a 11C volt
AC 60 cycle supply and follow the simple instructions and procedures
described herein to obtain accurate shock sensitivity test data. It
consists of a platform base and die cup support, a guide frame comprising
three precisjon ground rods, a top support plate, two plummet assemblies
of different weights to permit a greater range of impact force, and an
electrically controlled plummet release platform. Also included is a
representative sampling of expendable items including 100 each of two
different die cup assemblies for impact testing with different materials
and surrounding media and fifty plastic containers for testing with
cryogenic fluids.

The plummet release platform is free to travel vertically and is secured

at the selected height by a locking knob, Raising or lowering the

platform provides for plummet release from various heights above the

test sample, thus permitting the impact energy of the plummet to be varied
in small increments. A scale extending between the base and the top support
plate is positioned so that the pointer on the plummet platform shows the
height in inches of the plummet striker, above the test sample. A
momentary "on" push button switch is provided which, when depressed,
actuates the solenoid on the plummet release platform. The energised
solenoid coil- withdraws the spring loaded latch thus permitting the plummet
to fall freely. Friction between the plummet and the guide rods is minimised
by low friction rings on the plummet bearing surface.

A transparent plexiglass shield is provided and should be placed around
the base of the impact tester so that small fragments released during an
impact explosion will be restricted to the impact area.
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1L, INSTALLATION PROCEDURE

The Impact Tester as delivered is completely assembled. It should be
mounted on a concrete pad to assure minimum deflections and energy
absorption of the mounting provisions. A typical oconcrete mounting pad
is shows below: )

24

A comfortable working height for the tester ocan be cbtained by providing
a mounting pad height of from 24 to 30 inches. Four 1/2-inch diameter
bolts or studs should be placed in the mounting psd equally spaced on a
bolt circle of 8.00 inches as shown in the above sketch. The bolts should
extend at least 2.25 inches above the top of the mounting pad. In pouring
the concrete pad, provide a top mounting surface which is flat and level.

The Impact Tester must be truly vertiocal to assure acourate and reproducitle
test results. Check installation carefully with a level or plumb bob and
shim and grout as required to achieve a trus vertical position of the unit.




[P

PIEE 202 0t speapmgoiom ronz o - oy

[

Thiokol Chemical Corporation Report No.: CMP 91
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Although the scale is adjusted at the sero height prior to delivery,

it is advisable to check this setting after installation, This is done

by placing any one of the die cup assemblies in the cavity of the die ocup
support, as shown on Figure 1, With the plummet retained in the release
platform, lower the platform gradually until the plummet striker oontacts

the vented plug of the die cup assembly. The height indicator for this
ocondition should read sero. If an adjustment is necessary, it is accomplished
by simply loosening the screws which retain the pointer and sliding the
pointer up or down in its slotted holes to the sero setting on the scale.

To remove the die cup support for cleaning, raise the one guide rod which
is not fastened to the top plate. (Note: Chamfered bore in base plate
which distinguishes the loose rod.) Lift the die cup support from the
vase plate and wvithdraw seme from the tester. Removal and replacemsnt of
the plummet assembly to increase or reduce impact energy, as dictated by
drop test patterns, is sinmilarly accomplished. Release the plummet from
the platform and wvithiraw same past the clearance provided by the raised
guide rod. Lifting of the loose rod can be facilitated by balancing with
a counterweight. A tapped hole is provided in the rod for this purpose,
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A, Geperal

For general opsration of the Impact Tester in an ambient air atmosphers,

the proocedure is extremely simple and provides a capability of over 40
impact drops per hour. Subsequent sections of this instruction bulletin
define the procedures to be employed for impact testing of liquids and/or
solids in the presence of cryogenic and other oxidising media. Also ocovered
are instructions for calibration of the Impact Tester, conversion of drop
height to impact energy and recognition of a detonation.

The die cup assembly which holds the sample to be tested consists of three
basic parts as follows:

Cap —

Die Cup

DIE CUP ASSEMBLY
for
Liquid Oxygen Testing

-4 -
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Two different die cup assemblies are supplied with the impact tester,
The die cup assembly to be used is dependent upon the material to be

tested and/or the surrounding media, Proper selection of the die cup
assembly is covered under the pertinent heading in these instructions,

Test specimens are sized to ocoupy § the volume of the die cup bowl,
Liquid samples can be carefully measured with a hypodermic syringe; solid
samples shovr]d be disc-shaped 13/64" in diameter and .010 thick.

With the die aup installed in the recess of the die cup support, place the
sample to be tested in the bowl of the ¢ie cup, cap the die cup making
certain that the die cap is snugly in place, now place the vented plug,
slot down, on top of the die cap., Proper center positioning of the vented
plug is facilitated by the preformed circular depression in the die cap.

The die cup assemblies (-53) and (-54) are expendable items. Do not re-use
any part of the die cup assembly since each piece is distorted during an
impact test whether or not a detonation results. Re-used die cup parts
will not give reproducible test results.

The impact test 1s then performed by positioning and locking the plummet
release platform with the plummet at the desired height read directly on

the scale located to the right of the platform. To release the plummet,
depress the control button and the plummet will drop on the die cup assembly
driving the vented plug into the test sample thus imparting impact energy

to the sample,

At each height a test series of no more than ten trials or drops is performed.
If the sample detonates before the tenth drop, no more trials need be made

at that height., The threshold valve is defined as the point where no
detonation occurs in a test series of ten trials if a single detonation vas
observed in a test series at one inch higher,

The fastest method of finding the shock sensitivity is to start with the
plummet at 36 inches high and conduct a series of drop tests, If a deto-
nation occurs within 10 drops, the plummet is then moved down to % the
initial height and the test series is performed again. If no detonation
occurs, the plumet is moved up to 4 the distance remaining between the
two tests., The plummet is always moved in increments of half the remain-
ing distance, until the distance is one inch. The direction of motion

is always DOWN if a detonation occurs and UP if no detonation occurs.

i For exsmple, a drop height of 36 inches is used and the sample detonates,
Lo The second test series is conducted at 18 inches and there is no detonation.
Five more consecutive trials reveal no detonation, but on the seventh

trial at 18 inches a de‘onation does occur. The next test series is made
at 9 inches and no detonation is obtained. The next test series is con-
ducted at 13 inches where a detonation occurs. The next test serles is
performed at 11 inches with no detonation. The final test series is made
at 12 inches with a detonation. The threshold is then defined at 11 inches.

’5‘
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version of t r

The impact energy imparted to a test sample is dependent upon the weight of
the plummet and is proportional to the height from which the plummet ia
dropped. A curve (Figure 2) is included at the end of these instructions
which relates the drop height to the theoretical impact energy in ft/1b per
square inch. The energy values are based on a 2000 gram weight for the
brass plumet and a 500 gram weight for the aluminum plummet., Manufacturing
tolerances permit a weight variation of only + 0.20 percent for either
plummet, The vented plug which is driven into the test sample to impart
impact energy is held to a diametral tolerance of + .001 inch. To calculate
the threshold value as impact energy in ft-lbs/sq in for the Reaction Motors
impact tester, the following formulae apply:

(1) E (for brass plummet) = 11.55 x drop height (in.)
(2) E (for aluminum plummet) = 2.89 x drop height (in.)

€. Cleaning

Dirt particles, chips or other foreign matter between the bearing surfaces of
the die cup support and the base and/or between parts comprising the die

cup assembly will absorb energy on impact and adversely affect test
reproducibility. These parts, therefore, should be carefully inspected
periodically and cleaned with trichlorethylene prior to each series of

tests, The plummet atriker and the three vertical rods in the vicinity

of the impact area should be similarly cleaned. Chips from the detonation
should be removed after each test. Your impact tester is cleaned prior to
assembly and packaging for delivery. The expendible die cup assemblies
should be cleaned before use to assure accurate results. In the interest

of accuracy and reproducibility of test results, it is important that
critical components of the impact tester be maintained in a hospital clean
condition, Die cup assemblies are cleaned in high purity trichlorethylene.
The cavity in the die cup and the underside of the cap should be wiped clean
with a cotton swab or Q-Tip after removal from the trichlorethylene and just
prior to use. Parts may be left to soak in the cleaning fluid until ready
for use, However, the parts must be dry. The holes in the vented plugs must
be clear. Before test, ultrasonic cleaning can be used, if available. If
not, the parts can be gently shaken in the cleaning solution,

Do Impact Testing Liquids

To test a 1liquid propellant, oil, or other fluids, use a hypodermic syringe
to establish volume of tes* fluid required to fill a clean die cup to brim
level. Empty the die cup, clean it thoroughly with trichlorethylene and dry.
Place one-half of the above number of drops in the cup, install the die cap
over the cup and center the vented plug on top of the cap with the slot down,
If the test is to be conducted with room temperature liquids (such as Hx02 or
acid), the die cup assembly (-53) with the full aluminum cap should be used,

b
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Impact testing in a surrounding of liquid or gaseous oxygen or any cryogenic
oxidizer is conducted in the same manner with the following exceptions:

(1) Use the (-54) die cup assembly with the scalloped die cap.

(2) Having placed the die cup assembly with the prepared sample in
the die cup support, install the plastic container (-12) on the
die cup support as shown on the Impact Tester Assembly (Figure 1).

The plastic container must be used in tests with cryogenic fluides to retain
the 1liquid oxygen around the die cup assembly. After liquid oxygen is poured
into the container to a level of approximately 4 inch above the vented plug,
a twenty (20) second cooldown period should be allowed to lapse prior to
dropping the plummet. Liquid oxygen must be added to maintain the level.
Caution must be taken to use only samples vhich are more dense than the
liquid oxygen so that the sample does not float.,

The anvil should not be allowed to get too cold as this will slov the test-
ing. When the temperature of the anvil approaches liquid oxygen temperature,
the LOX starts to boil so violently that it is almost impossible to retain
enough LOX to properly run the test, When this happens, the anvil should

be removed from the machine and allowed to warm up for 20 - 30 minutes at
room temperature. (CAUTION: DO NOT heat in furnace as this can crack the
anvil). Testing, however, could proceed if a spare anvil were available
during the warm up period.

The scalloped die cap is also to be used in tests involved with a gas which
must be passed over the sample., A special accessory container will be
available shortly for this application.

E. Impect Testing Solids

Solid samples such as plastics, metals, etc., are prepared by filling an
estimated one-half volume of the die cup with the solid material. The
s0lid sample should be disc-shaped 13/64" in diameter by .010 thick. To
test the sample in liquid oxygen or atmospheres other than ambient air,
place the sample in the die cup, use the scalloped aluminum cap and cen-
ter the vented plug in the cap depression. Follow the normal liquid oxygen
test procedure described in Section D, For shock sensitivity testing in
an atmosphere of hydrogen peroxide or similar room temperature oxidizer,
the sample is placed in the cup and the remainder of the cup is filled with
hydrogen peroxide. The aluminum cap without scallops 1s used.

E.Calibration

The impact tester should be calibrated periodically to ensure consistency

in test results. Any impact sensitive material may be used as a calibration
sample as long as its properties are consistent from sample to sample.

A mixture of Halocarbon 4=11V o0il and Union Carbide UCON LB-65 oil is used
as a calidbration standard. A curve of the impact threshold values of the

-7.
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01l mixture is included in these instructions (Figure 3). A practical
calibration method provides a check on the threshold values in liquid
oxygen at three oil volume ratiocs of 20%, 50%, and 70%. Each sample is
measured to about § of the volume necessary to fill the die cup and the
impact test proceeds as described in Section D for testing in a liquid
oxygen atmosphere,

If the impact threshold values for the calibration oil do not agree with
the curve values, the Impact Tester should be checked for proper installa~
tion or vear, scratches, or particles on any of its parts which may effect
the impact results., Furthermore, the mixture should be prepared just
prior to use.

The mixture must be stirred frequently to assure homogeniety, as this may
affect results, Furthermore, there is some small variation in the shock
sensitivity of different batches of fresh calibration fluid.

The accuracy of the machine is + 11.55 ft~1b/in? or + one (1) inch of
drop height with the 2 Kg plummet,

As will be seen in Figure 3, the calibration curve is a straight line
between the 20% ancd 70% points. Because of variations in the oil, the
10% and 80% points are sometimes on the line and other times off the
line, For this reason, the curve is shown as dotted. The plotted

data are shown for the same o0il in two different machines, In the

20% to 70% region it was found that to date the oil variations have been
within the accuracy of the machine,
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1V, _RECOGNIZING A DETONATION

Most impact detonations are audibly recognised and are not confused with
the normal sound of the plummet striking the die cup assembly. However,
muffled detonations are common wvhen the sample is a water base material,
such as vater-based glyools or aloochol. Testing on a humid day will often
cause similar problems when water vapor collects on the sample, in the die
cup, or freeses in the liquid oxygen surrounding the sample. If the test
operator is in doubt whether the impact caused a detomation, he should
inspect the bowl of the die cup for a black residue which is characteristic
of a reaction between test sample and oxidiser, or for other evidence of
combustion,

e A
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RMD IMPACT TESTER EVALUATION AT SwRI
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During the Impact Sensitivity Cooperative Test Program No. 2
meeting, held at SwRI in November 1960, the RMD impact tester was
brought to the attention of the cooperating laboratories. It was decided by
ASD that an evaluation of the tester would be conducted at SwRI with the
cooperation of RMD. It was further agreed that SwRI would use the RMD
impact tester to obtain data for the Impact Sensitivity Cooperative Test
Program No. 3 provided the calibration of the tester, using RMD supplied
calibration fluids, proved satisfactory.

An RMD impact tester was loaned to SwRI by RMD. The tester was
installed on a 16 X 16 X 24 in. concrete pad in the manner recommended in
the operating instructions (see Appendix III) received with the tester.

The test samples used in the calibration tests were mixed from two
base fluids, Halocarbon 4-11V and UCON 65-LB, which were supplied by
RMD. Three different sample mixtures, 20, 50 and 70 percent by volume
of Halocarsbon 4-11V, were used. Two series of tests were made on each
of the three mixtures of calibration fluids in strict accordance with the
procedure outlines in Appendix III. The threshold values obtained in these
tests are plotted in Figure 1 in comparison with the accuracy limits specified
by RMD. It will be noted that the threshold values of the three mixtures
were quite varied and that all of the values obtained by SwRI were outside
the specified accuracy limits of the tester.

In the above tests, the vented plug was positioned on the aluminum
cap in such a way that the slot of the plug was facing downward and the,
position of the slot relative to the cap was random, in conformance with
Appendix IIl. However, it was noticed during these tests that the position
of the slot on the vented plug relative to the centerline of the cap appeared
to have some effect on the threshold values. Tests were then conducted to
determine the effect of slot positioning on the threshold values for the dif-
ferent mixtures. Two relative slot positions were used: one parallel to
the centerline of the cap and one perpendicular to the centerline of the cap.
The respective results obtained by using these test configurations are shown
in Figures 2 and 3. These results indicate that the specified limits were not
achieved in either case and that lower threshold values were obtained when
the slot was positioned parallel to the centerline of the cap in comparison
to the case when the slot was positioned perpendicular to the centerline of
the cap. :

RMD was consulted about the above situation and advised of the finding
in regard to the effect of the position of the slot on the threshold value of the
sample being tested. A revised test procedure (RMD Specification 7491) was ,
subsequently forwarded by RMD in which the slot on the vented plug was ’
specified to be parallel to the centerline of the cap covering the die cups and 5
an improved vented plug made of a harder material was recommended. Using
this revised test procedure and the recommended vented plug, calibration
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tests on the RMD tester were resumed at SwRI. Results of these tests
are presented in Figure 4. Only one determination on the 20 percent
4-11V was within the limits. Six other determinations (on three different
sample mixtures) were located outside the specified limits.

Further consultation with RMD led to the question of interpretation
of the criteria of reaction. The section related to the definition of a detonation
in Appendix III reads, '"Most impact detonations are audibly recognized and
are not confused with the normal sound of the plummet striking the die cup
assembly. However, muffled detonations are common when the sample is a
water base material. .. If the test operator is in doubt whether the impact
caused a detonation, he should inspect the bowl of the die cup for a black
residue which 1s characteristic of a reaction between test sample and oxidizer,
or for other evidernce of combustion.' It was learned from RMD that reactions
or detonations were acknowledged only by audible reports in their calibration
tests. Flashes or char marks (black residues) by themselves were not
considered as evidence of detonations without concurrence of audible reports.
The above-quoted definition of a detonation had been interpreted at SwRI
prior to this consultation to mean that an audible report and/or a char mark
was evidence of a detonation. Since the calibration tests conducted pre-
viously were conducted on the basis of this interpretation, eight additional
series of tests were made on the three reference fluids in accordance with
the clarified interpretation of reaction criteria. The threshold values
determined in these eight series of tests are plotted in Figure 5. Again
only one determination was within the accuracy limits, while the other
seven determinations were outside the limits.

In an effort to find the cause of the deviations in the calibration test
results at SwRl, a RMD representative visited SwRI in May 1962 to check
the test procedure used and other related test conditions. Several series of
calibration tests were conducted at SwRI in the presence of the RMD repre-
sentative. The cleaning and test procedures were considered satisfactory
by the RMD representative. However, two suggestions were made by the
RMD representative: (1) It was pointed out that LOX should be added con-
tinuously to maintain the liquid level at 1/4 in. above the vented plug during
the 20-second cooldown period prior to each test drop. (2) With respect to
the definition of a detonation, a reaction should be disregarded if the vented
plug does not strike the center of the die cup, even though a positive audible
detonation is recognized.

Six series of tests were conducted on samples composed of 50, 70
and 80 percent Halocarbon 4-11V by the RMD representative and the SwRI
personnel. The results of these tests are presented in Figure 6. These
tests were made at drop heights corresponding to the anticipated threshold
values of the respective samples in order to cut down the required test time.
It will be noted in Figure 6 that although exact threshold values were not
determined in these tests, the potential values were all outside the specified
limits of accuracy.
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FIGURE 4. CALIBRATION TEST RESULTS ON RMD TESTER
USING REVISED TEST PROCEDURE AND IMPROVED PLUG
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FIGURE 5. CALIBRATION TEST RESULTS WITH ONLY AUDIBLE
REPORTS CONSIDERED AS REACTIONS
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FIGURE 6. CALIBRATION TEST RESULTS IN ACCORDANCE WITH
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Using 100 percent Halocarbon 4-11V as sample, four drop tests
were then made from a drop height of 36 in. and three reactions were
observed. Since Halocarbon 4-11V is considered by RMD to be quite
insensitive to impact in LOX, this unexpected result suggested the need
for blank tests. Sixteen blank tests were subsequently made from a drop
height of 36 in. and four flashes were observed, one of which was accom-
panied by an audible report.

Recent consultations with RMD indicate that a newly designed die
cup assembly is currently being tested in an effort to eliminate the
problems encountered with the calibration of the tester at SwRI.



